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We study transport through a Weyl semimetal quantum dot sandwiched between an s-wave
superconductor and a normal lead. The conductance peaks at regular intervals and exhibits double
periodicity with respect to two characteristic frequencies of the system, one that originates from
Klein tunneling in the system and the other coming from the chiral nature of the excitations. Using
a scattering matrix approach as well as a lattice simulation, we demonstrate the universal features
of the conductance through the system and discuss the feasibility of observing them in experiments.
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Introduction.—Weyl semimetals (WSMs)1–5 are 3D
topological systems with an even number of Weyl nodes
in the bulk, with low-energy excitations having a defi-
nite chirality when the Fermi energy is near the Weyl
nodes. The study of such systems has exploded in re-
cent times both in the theoretical6–32 as well as the ex-
perimental33–38 front. The reason for this excitement is
the non-trivial physics that can arise in Weyl systems,
such as broken chiral symmetry (or the chiral anomaly)
and Fermi arcs where the Fermi vector at one surface
is a discontinuous arc that connects to the other surface
through the bulk, giving rise to exotic physical properties
and transport signatures.
A quantum dot made of WSM material in the presence
of superconductors is of particular interest due to the dis-
tinctive nature of transport at a WSM-Superconductor
(SC) interface13,21,30–32 and provides the possibility of
capturing the otherwise elusive physics associated with
the chiral excitation in the WSM30. In this manuscript
we study transport through the Andreev states of a WSM
quantum dot in a simple setup where we sandwich the
dot in between a superconductor and a normal lead (see
Fig. 1). Bound levels will form in the dot due to multi-
ple reflections from the two boundaries and these levels
will strongly depend on the Fermi-energy mismatch39 be-
tween the dot and the SC, as well as on the size of the
dot. One expects some of the physics of a graphene quan-
tum dot40 to carry over to this case, since the WSMs also
have a linear dispersion; however there are differences as
well. One of the features of the Dirac dispersion is that
the Andreev bound states carry current that oscillates
as a function of χ = V0L/vF , where V0 is the chemi-
cal potential of the dot41,42, L is its size and vF is the
Fermi velocity. A second oscillation appears as a func-
tion of δkL, where δk is the momentum separation of the
nodes that are connected by superconducting pairing. In
graphene, an s-wave superconductor couples electrons at
one valley with holes at the other valley and the Andreev
bound states are hence also dependent on the matching
of the valley polarizations43, with δk = K−K ′ as the sep-
aration of the valleys in momentum space. On the other
hand in a WSM-SC interface, the s-wave superconduc-
tor is required to couple the electrons at one node with
FIG. 1. Setup of the system. A time-reversal broken Weyl
semimetal WSM of length L has been sandwiched between a
superconductor (SC) with a gap ∆ and a normal/WSM metal
lead (N). The momentum separation between the Weyl nodes
in the WSM dot is 2k0 and the WSM has a bias V0.
the holes at the other node. Hence, reflection processes
couple one chiral node to another node of opposite chiral-
ity13,21 and δk = 2k0 where 2k0 is the distance between
the nodes in momentum space. Coupling between nodes
is otherwise forbidden, irrespective of their positions in
momentum space. Further, the inter-valley length scale
K − K ′ in graphene is quite large, whereas in WSMs,
2k0 is a relevant length scale, because the nodes are typi-
cally quite close to each other. At finite bias, however, as
we shall see below, the relevant parameter changes from
2k0L, and the nature of the bands becomes important.
In the rest of this paper, our focus is to study and predict
the behavior of the current through the Andreev bound
states of the WSM quantum dot at a finite bias.
The central result of our work is to disentangle the pe-
riodicity of the conduction peaks of the WSM quantum
dot (with a superconductor on one edge) due to the chi-
rality of the nodes from the periodicity due to the finite
bias and Klein tunneling. We find that at finite bias the
conduction peaks follow a periodic pattern of the form
(q+±q−)L ≈ 2n±pi, with n± being integers. Here q± are
the Fermi momenta in the quantum dot at finite bias,
along the direction of conduction, and are the analogs of
k0 at zero bias. Their values can be determined from the
band structure of the system and the bias V0 present in
the dot. At small enough bias, the periodicity reduces to
the expected 2k0L = npi oscillations
21,31.
Model and setup.—The simplest model of a WSM with
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2broken time-reversal (TR) symmetry requires two chiral
nodes in momentum space, whereas the simplest WSM
with broken inversion symmetry requires the presence of
four chiral nodes. In the main text we restrict ourselves
to using the simplest model of a TR-broken WSM, having
two nodes, for analytic simplicity. We consider an inver-
sion symmetry broken model, which also has some new
aspects beyond what is present in the two node model,
in the appendix.
A two-band TR-broken WSM model can be obtained
by starting from a four-band Hamiltonian describing a
3D TI in the Bi2Se3 family and including a time-reversal
breaking perturbation bz
6 -
H0 =kτx − λz sin kzτy
− λτz (σx sin ky − σy sin kx) + bzσz + V0. (1)
where k =  − 2t˜
∑
i cos ki is the kinetic energy and
λ, λz are spin-orbit coupling strengths. In the limit
λz   − 6t˜  bz,14, this gives a WSM phase, where
the gap closes at momentum points (0, 0,±k0), where
t˜k20 ≈ bz −  + 6t˜. A gate potential V0 is applied to
the dot region which spans a distance L. For sufficiently
small V0, the low energy excitations can be described by
the two-band Hamiltonian
HWSM = ˜kσz + λ(kxσx + kyσy) + V0, (2)
with ˜k ≈ t˜(p2+k2z−k20) and with p2 = k2x+k2y. In the rest
of the paper, all parameters are scaled with respect to t˜
which is the energy scale. The eigenvalues of Eq. (2) are
E±(k) = ±
√
˜2k + λ
2p2 +V0. This implies that the Fermi
velocity is anisotropic - the velocity in the z direction is
different from that in the x, y direction. Close to the Weyl
nodes kz = ±k0, the Fermi velocity along the z-direction
vz = 2k0.
We construct a WSM dot by sandwiching the dot re-
gion (with a finite V0) in between a normal-metal (N) and
an s-wave superconductor (S). We then study transport
through the quantum dot, first using a scattering matrix
approach, where the N region is chosen to be an unbiased
WSM (V0 = 0) and we use Eq. (2) to solve for the wave-
functions. Next, we further study and verify our findings
using a lattice simulation where we model the normal
metal using a flat band approximation, i.e, by consider-
ing a uniform density of states within the relevant energy
scales.
The superconducting region can be described in terms
of the Boguliobov-de Gennes (BdG) Hamiltonian:
HSC =
(
ξkI2×2 ∆iσy
−∆iσy −ξkI2×2
)
, (3)
where ∆ is the pairing potential in the superconductor
and ξk = (~2(k2x + k2y + k2z)/2mS − µS). mS is the ef-
fective mass of the electron in the superconductor (we
take mS ≈ mW for simplicity) and µS is the chemical
potential. The parameter µS depends on the details of
-
FIG. 2. Diagrammatic representation of the possible scat-
tering processes showing all the relevant scales. The Weyl
nodes are located at kz = ±k0 and q± are the two possible
momenta of electronic excitations above the finite potential
barrier V0 of the WSM. tanθ denotes the Fermi velocity vF
of such excitations. I describes an incident electron and R
and AR describe normal and Andreev reflected electrons and
holes respectively.
the superconducting material. In the numerical results
shown, we take µS  ∆, which is the realistic limit.
Scattering matrix approach.—Using familiar methods
of solving for the wavefunction and matching them at
the two boundaries, we obtain the net reflection matrix
of the form
S(E,p) =
(
ree(E,p) rhe(E,p)
reh(E,p) rhh(E,p)
)
, (4)
where, ree and rhh are the reflection matrices, and reh
and rhe are the Andreev reflection matrices, in the basis
of excitations near the two nodes with ± chirality13,21. E
is the incident energy and p = (px, py, 0) is the momen-
tum in the transverse direction. The differential conduc-
tance is then written as
Gp(E) =
e2
h
Tr[I2 −Ree(E,p)Ree(E,p)†
+Rhe(E,p)Rhe(E,p)
†] (5)
where,
Ree(he) =
 √v+e(h) 0
0
√
v−e(h)
 ree(he)
 1√v+e 0
0 1√
v−e

where vje(h) is the velocity of the electron (hole) channel
of the jth node. The nature of processes at the WSM-
SC boundary is depicted in Fig. 2. The relation in Eq. 5
is true for each momentum pin the transverse direction.
Finally, we integrate over the transverse momentum to
obtain the current G(E) =
∑
pGp(E).
3FIG. 3. (color online) A typical pattern of the current through
the WSM dot oscillating with the size of the dot, with beats
due to the double periodicity (a) The peaks of conduction,
i.e, the map of the Andreev spectrum, appear at lengths d
where (q+ + q−)d/pi is an integer, with q± =
√
k20 ± 2mWV0
in red(solid) lines. The best fit to this pattern in terms of the
simple two frequency function given in Eq. 6 with α = 2.24
and β = 0.9 plotted in blue (dotted) lines is also shown. Note
the excellent agreement between the numerical data and the
formula. The parameters used are k0 = 1, mS = mW = 0.5,
µS = 4, µW = 0, λ = 0.5, ∆ = 0.01, V0 = 0.56. (Here we only
consider normal incidence). (b) Here the current integrated
over the transverse momentum is shown, which also peaks
at the same lengths d where (q+ + q−)d/pi is an integer. (c)
The complete plot of the current though the WSM dot as a
function of its bias voltage and its size. Other parameters
used are mentioned above.
We summarize our results from the scattering matrix
approach in Fig. 3 and we emphasize the following: first,
the oscillation in the conductance is present even for
normal-incidence, as expected from earlier results13,21,32
which showed that the probability of normal-reflection at
a WSM-SC junction is finite at normal incidence. Next,
the oscillations in the conductance appear due to mul-
tiple reflections in the dot region, similar to those of a
quantum mechanical double barrier problem. But for a
WSM, such reflections can only take place from one chi-
ral node to the other chiral node of opposite chirality
(c.f. Fig. 2), with inter-nodal distance 2k0. At finite
bias, due to the presence of V0, the relevant length scale
depends on a combined function of k0 and V0, i.e., they
depend on q± =
√
k20 ± 2mWV , which are momenta
along the direction of propagation at the Fermi energy in
the dot-region. This allows us to predict the oscillation
frequencies depending on the symmetry, the positions of
the Weyl nodes, the bias, etc. In the present model, the
conductance can be fitted well with the functional depen-
dence of the form
G = α+ β sin [(q+ + q−)L] sin [(q+ − q−)L] , (6)
where, α, β are independent of the length L, and can,
in principle, be obtained analytically, as shown in the
appendix. In Fig. 3(a), we show the pattern of the con-
ductance obtained at normal incidence, G0, fitted with
a function of the form given in Eq. (6). The close cor-
respondence shows that the theoretically obtained func-
tion can predict all the peaks in the conductance G. In
Fig. 3(b), we show the full conductance, after integrating
over the transverse momenta. The conductance continues
to peak at values of L where (q+ + q−)L/pi is an integer.
Finally, in Fig. 3(c) we show the variation of G0 as func-
tions of both the barrier height V0 and k0. This pattern
can be fully predicted from the functional dependence in
Eq. (6).
Note that for V0  k20, q± ≈ k0 ± (mWV0/k0). We
also note that the amplitude of the velocity at the Fermi
energy in the dot-region is vF = k0/mW . So, the conduc-
tance oscillations have a slow frequency envelope whose
period is V0L/vF = npi and a faster oscillation charac-
terized by k0L = mpi, (where n,m are integers), allowing
us to write the conductance as
G ≈ α+ β sin (2k0L) sin (2V0L/vF ) , (7)
with corrections to the above equation appearing only at
the order O (V 20 /k20). Note however, that in Fig. 3, we
have specifically chosen a value of V0, such that condition
for Eq. (7) is not satisfied. In the regime, where the con-
dition for Eq. (7) is satisfied, we find that the periodicity
for the conductance shows peaks as a function of L and
V0 whenever k0L = npi and V0L/vF = npi as expected.
Finally, we also note that the amplitude β of conduc-
tance oscillations depends strongly on the ratio kF /k0
and increases with increasing V0. On the other hand,
β decreases with increasing incident energy E and the
conductance reaches a maximum value of 4e2/h, and be-
comes independent of the barrier height V0 in the limit
E → ∆, matching earlier results in similar systems like
graphene39,41. We discuss the dependence of β on E and
other parameters in the appendix. In passing, we also
note that a similar functional dependence (as shown in
Eq. (6)), of the conductance oscillations would be true
for a graphene dot, when 2k0 and vF are respectively
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FIG. 4. (color online) (a)The schematic of the procedure used for the lattice simulation. After integrating out the two leads,
one superconducting and one normal metal, the full Green’s function of the system, G, contains the corresponding self energies.
The final current through the system is obtained after averaging over the lead states, which include the information of the
Fermi function of the leads (b), (c) Results of the lattice based simulation, verifying the oscillation dependence of the current
as a function of V0 and k0 respectively. Here, the dotted lines show the periodicity expected from Eq. 7. The parameters used
are ∆ = 0.1,  = 6, λZ = λ = 0.5, µL = 0.05, µR = 0. The length of the WSM dot is kept fixed at 60 in units of lattice spacing.
replaced by the momentum separation between the two
valleys of graphene K −K ′ and the Fermi velocity near
the Fermi energy.
Lattice simulation.—In order to study transport in our
geometry, we implement a slight modification of the stan-
dard Landauer-Buttiker formalism to suit our purpose.
We write the Fourier transformed Hamiltonian of Eq. (1)
and include a normal lead and a superconducting lead on
the two sides of the system along the z-axis, with tunnel-
ing matrices VS and VL respectively as shown in Fig.4(a)
(see appendix C for details). By integrating out the lead
degrees of freedom, we obtain the Green’s function for
the whole system G as
G−1(ω) = G−1W (ω)− ΣSC(ω)− ΣL(ω), (8)
where GW is the Green’s function for the isolated WSM
dot,G−1W (ω)ij = ωδi,j − HW ij ; ΣSC and ΣL are, re-
spectively, the self energies due to the superconducting
and normal leads, expressed as ΣSC(ω) = VSGSC(ω)VL†
and ΣL(ω) = VLGL(ω)VL†. Here GSC and GL denote
the Green’s function of the isolated superconducting and
normal leads. Further, we implement a flatband ap-
proximation for the Green’s function of the normal lead,
where the density of states of the lead, ρL(ω) is taken
to be a constant independent of the energy, and so
GL = −ipiρL. The Green’s function for the supercon-
ducting lead GSC is obtained by recursively solving for
the surface Green’s function of the s-wave superconduc-
tor44. A schematic diagram that represents this process
is presented in Fig.4(a).
We then compute the current flowing from a site z to
z + 1 in the WSM dot given by
Jz(t) = −2e~ (−t˜+ λzτ)Im〈Ψ
†
z+1,τ¯ ,σ(t)Ψz,τ,σ(t)〉 (9)
where Ψi,τ,σ is a column matrix representing the anni-
hilation operator at site i in the basis of orbital index
τ = −τ¯± and spin index σ = ±. The information about
the chemical potential of the leads (and the tempera-
ture, in principle) is included when averaging over the
lead states. We show in the appendix C that this current
can be written in terms of the Green’s function of the full
system G(ω), at zero temperature, as
Jz =
∑
P=SC,L
eIm
∫
dωTr
[
AGz,I(ω)ζP (ω)G†z+1,I(ω)
]
(10)
where A31 = A42 = −t˜ + λz and A13 = A24 = −t˜ − λz
and Aij = 0 otherwise. Here, ζSC(ω) = VρSC(ω)VS†
and ζL(ω) = VLρL(ω)VL†. We further consider the sim-
plest case when the system is translation invariant in the
transverse direction, so that the transverse momentum is
just a parameter.
We obtain the current as a function of k0 and V0 with
the chemical potential on the left lead kept fixed at ∆/2,
and summarize the results in Figs. 4(b) and (c), where we
have also taken the transverse momentum to be zero. As
in the scattering matrix calculation, here again, the cur-
rent oscillates as a function of both k0L/pi and V0L/pivF ,
which clearly confirms the central result of our paper that
inter-node Andreev reflection, if not prohibited by addi-
tional symmetries of the problem32, plays a crucial role in
determining transport properties of the Weyl semimetal-
superconducting interface.
The distinct unambiguous signatures of WSM systems
can be further clarified if one takes an inversion sym-
metry broken WSM. An inversion broken WSM requires
the presence of at-least four chiral nodes in the Brillouin
zone. In the simplest situation, the nodes can be co-
linear in momentum space, and without loss of general-
ity, can be placed at momentum k1 = (−k+, 0, 0), k2 =
(−k−, 0, 0), k3 = (k−, 0, 0), k4 = (k+, 0, 0). Time rever-
sal symmetry requires the first and last nodes to have the
same chirality, and the two nodes in the middle to have
opposite chirality. If the chirality of the nodes were not
relevant -i.e., if we were working with a 3 dimensional
5Dirac metal, then proximity to an s-wave superconduc-
tor would couple nodes of opposite momenta through An-
dreev processes. So we would expect the relevant momen-
tum scales to be 2k±. But in a WSM the coupling is only
allowed between nodes 1-2, and 3-4, giving the relevant
momentum scale k+−k− and between nodes 1-3, and 2-4,
giving the relevant momentum scale k+ + k−. Thus the
relevant scales of the conductance oscillations strongly
distinguishes between a dot made of a Dirac metal from
a dot made of a WSM. However, working with a 4-band
model is cumbersome in the scattering matrix framework.
We discuss the lattice results of such a WSM dot in the
appendix.
Summary.—To summarise, we have discussed trans-
port through a Weyl semimetal quantum dot, in a
normal-metal-WSM-superconductor geometry, that cap-
tures a number of features unique to the presence of chi-
ral nodes in the WSM. We took a simple time-reversal
broken WSM and studied it in the scattering matrix ap-
proach as well as by using tight-binding simulations. The
key result of our work, Eq. (6), differentiates the effect
of Klein tunneling in the Dirac system from that due to
the presence of chiral nodes in the WSM. An experimen-
tal setup should be similar in essence to that shown in
Ref. 40, but the details of the prediction would depend
on the material used.
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APPENDIX
A. Solving the scattering problem
In this section, we describe the derivation of the scat-
tering matrix in a Normal-WSM dot-SC system. As
described in the main text, the normal Hamiltonian is
modelled by a WSM Hamiltonian without any chemical
potential whereas the WSM dot is modelled by the same
WSM Hamiltonian along with a barrier potential V0. We
define V (z) = V0(Θ(z)−Θ(z − L)) where we assign the
locations of the Normal-WSM dot junction and the WSM
dot-SC junctions to be at z = 0 and z = L respectively.
The wavefunction corresponding to energy E in the nor-
mal system(for z < L) is given by the following energy
eigenstates of Eq. (2) of the main text in the Nambu-
Gor’kov space (with the Hamiltonian in the hole space
written as −H∗WSM(−k)),
ψN(z < 0) =
∑
σ=±
{
Eσ
(
aσRe
σikσe z + aσLe
−σikσe z
)
+Hσ
(
bσRe
−σikσhz + bσLe
σikσhz
)}
, (11)
and similarly, the wavefunction in the WSM dot corre-
sponding to the same energy is given by:
ψWSM(0 < z < L) =
∑
σ=±
{
Eσ
(
cσRe
σikσe z + cσLe
−σikσe z
)
+Hσ
(
dσRe
−σikσhz + dσLe
σikσhz
)}
.
(12)
Here σ = ± is the band index, ai, ci(bi, di) denote
the electron (hole) amplitudes with i ∈ {L,R} de-
noting the left or right moving solution. Eσ(Hσ)
are normalized eigenvectors, which are non-zero in
electron (hole) sector of the Hamiltonian. In each
sector E(H)+ ∝ (fe(h), (−)λ+(−))T , and E(H)− ∝
((−)λ−(+), fe(h))T , with fe(h) = µW + V (x) + (−)Ei +√
(µW + V (x) + (−)Ei)2 − (λp)2, λ± = λ(kx + iky).
In the superconductor, the solutions of Eq. (3) of the
main text are:
ψSC(z > L) =
 uc↑uc↓−vc↓
vc↑
 eiqez +
 vd↓−vd↑ud↑
ud↓
 e−iqhz,
where, with Ω =
√
∆2 − E2i ,
u(v) =
√
(Ei + (−)iΩ) /2Ei
and qe and −qh are, respectively, the outgoing electron
and hole momenta in the superconductor, defined as
(with Fermi momentum kF )
qe(h) =
√
k2F − p2 + (−)2mSiΩ/~2 .
The boundary conditions at z = {0, L} are given by the
continuity of the wavefunction and its derivative at that
point:
ψN(z) = ψWSM(z)|z=0
ψWSM(z) = ψSC(z)|z=L
∂zψWSM(z) |z=0= ∂zψN(z) |z=0
mS
(
σz 0
0 σz
)
∂zψWSM(z) = mW∂zψSC(z) |z=L,
with σz being the Pauli matrix. As was mentioned in the
main text, we take mS ≈ mW for simplicity. By solving
these equations, we get the reflection matrices,
a+L
a−L
b+L
b−L
 = ( ree rehrhe rhh
)
a+R
a−R
b+R
b−R
 (13)
which were used in the main text.
FIG. 5. (a) Variation of the amplitude of oscillation (β) of
the zero-bias conductance with the barrier height along the x
axis and the ratio of the Fermi momentum and the separation
of Weyl nodes along the y axis. The parameters used are
k0 = 1, mS = mW = 0.5, λ = 0.5, ∆ = 0.01. (Here we only
consider normal incidence). (b) Conductance as a function
of the length of the barrier along the x axis and the incident
energy along the y axis at fixed V0 = 0.2
B. Variation of the parameter β with the system
parameters and the conductance with incident
energy
The amplitude of oscillation β (see Eq.(6) of the main
text) depends strongly on the system parameters, espe-
cially on the position of the Fermi vector kF of the super-
conductor and generally increases with increasing V0 due
7to the Fermi energy mismatch. We show the numerical
fitting of β in the phase space of kF − V0 in Fig. 5(a).
With increasing incident energy E, the net conduc-
tance reaches a universal value of 4e2/h when E/∆
reaches unity as depicted in Fig. 5(b).
C. Details of the tight-binding simulation
Here we briefly describe how we arrive at Eq. (10) of
the main text. For the TR symmetry broken Weyl semi-
metal, the Hamiltonian is written as H0 = HC +HSO +
HE , where,
HC =− t˜
∑
〈r,r′〉
ψ†rη
zτxIσψr′ + 
∑
r
ψ†rη
zτxIσψr′ + h.c.
HSO =iλ
∑
r
(ψ†rη
zτzσyψr+x + ψ
†
rη
zτzσxψr+y)
+ iλz
∑
r
ψ†rη
zτyIσψr+z + h.c.
HE =
∑
r
ψ†r(b0η
zτyσz − bxIητxσx + byIητxσy
+ bzIηIτσ
z)ψr . (14)
Here ψ†i,σ,η is the creation operator of electron with spin
σ (=↑, ↓) and with orbital index η (= 1, 2) at site i of
the WSM. We consider the x, y directions to be transla-
tionally invariant, so that the momenta kx, ky appear as
parameters. After Fourier transforming in the x, y direc-
tions, our next step is to rewrite the Hamiltonian in the
Nambu-Gorkov form -
HW =
1
2
∑
〈z,z′〉
Ψ†z,ihWij(kx, ky)Ψz′,j , (15)
using the basis
Ψ†z =
(
ψ†z,↑,1, ψ
†
z,↓,1, ψ
†
z,↑,2, ψ
†
z,↓,2,
ψz,↓,1,−ψz,↑,1, ψz,↓,2,−ψz,↑,2
)
.
For each site z, the basis Ψz,i has 8 components for
i = 1, .., 8. The superconductor is modeled as a 1D su-
perconductor:
HS =
∑
z
Φ†z(SCη
z + ∆ηx)IσΦz
− tSC
∑
〈z,z′〉
Φ†zη
zIσΦz′ + hc,
≡1
2
∑
〈z,z′〉
Φ†z,ihSijΦz′,j . (16)
where Φ†z =
(
φ†z,↑, φ
†
z,↓, φz,↓,−φz,↑
)
. The normal lead’s
Hamiltonian is the written as:
HL =
1
2
∑
〈z,z′〉
a†z,ihLijaz′,j , (17)
in the basis a†z =
(
α†z,↑, α
†
z,↓, αz,↓,−αz,↑
)
.
The tunneling Hamiltonian between the WSM and the
superconductor and between the WSM and the normal
leads are given respectively by:
HWS =
1
2
Ψ†N,iV
S
ijΦ1,j +
1
2
Φ†1,iV
S†
ij ΨN,j ,
and HWL =
1
2
Ψ†1,iV
L
ijaN,j +
1
2
a†N,iV
L†
ij Ψ1,j . (18)
Here, φ† and a† are, respectively, the creation operators
at the superconductor and the normal lead, without any
orbital index. Also note that we couple both orbitals
equally to the superconducting site, which, albeit not
the most generic case, represents the simplest coupling.
With this choice of basis,
Vi=SC/L =

ti 0 ti 0 0 0 0 0
0 ti 0 ti 0 0 0 0
0 0 0 0 −ti 0 −ti 0
0 0 0 0 0 −ti 0 −ti

T
,
where ti = tSC/L are the hopping matrix elements be-
tween the leads and the WSM. The Hamiltonian has an
explicit particle-hole symmetry under
Φ†z,i = CijΦz,j , a
†
z,i = Cijaz,j , Ψ
†
z,i = C
W
ij Ψz,j (19)
where, C = σy ⊗ σy, and, CW = σy ⊗ I⊗ σy.
Now, we wish to compute how the field operators
evolve in time. Starting from the Heisenberg equation
of motion
a˙z,i =
i
~
[
HL +HWL, az,i
]
, (20)
we obtain
a˙z =
i
~
(−hLaz − VL†Ψ1δz,N )
⇒
(
i~
∂
∂t
− hL
)
az = VL†Ψ1δz,N . (21)
The solution for the operator is given by
a(t) = i~GL(t− t0)a(t0) +
∫ t
t0
dt′GL(t− t′)VL†Ψ(t′)
= ηL(t) +
∫ t
t0
dt′GL(t− t′)VL†Ψ(t′), (22)
where the Green’s function GL of the uncoupled lead is
the solution of the equation(
i~
∂
∂t
− hL
)GL(t− t′) = Iδ(t− t′). (23)
Similarly, for the superconducting lead, one obtains
Φ(t) = i~GS(t− t0)Φ(t0) +
∫ t
t0
dt′GS(t− t′)VS†Ψ(t′)
= ηS(t) +
∫ t
t0
dt′GS(t− t′)VS†Ψ(t′) (24)
8Finally, for the operators in the Weyl semi-metal, we
write:
Ψ˙ =
i
~
(− hWΨ− VLa− VSΦ). (25)
In the above equation, we need to substitute the solutions
of a(t) and Φ(t). We define the self energy operators as
ΣL(t) =
∫ t
t0
dt′VLGL(t− t′)VL†
and ΣS(t) =
∫ t
t0
dt′VSGS(t− t′)VS†. (26)
Fourier transforming the equation for Ψ(t), we obtain
Ψ(ω) = GW(ω)Γ(ω)
where GW = (ω − hW /~ − ΣL(ω)/~ − ΣS(ω)/~)−1 is
the Green’s function of the whole system and Γ(ω) =
1
~ (V
SηS(ω) + VLηL(ω)).
When the system is finite along the z direction and
periodic along x, y:
N˙z =
i
~
[H,Nz]
=
i
~
(−t˜+ λzτ)
(
Ψ†z+1,τ¯ ,σ(t)Ψz,τ,σ(t)
−Ψ†z,τ,σ(t)Ψz+1,τ¯ ,σ(t)
)
. (27)
Here we have used the explicit form of the Hamiltonian
in the main text of the paper. So, the current along z
from a given site z to z + 1:
Jz(t) =
ie
~
(−t˜+ λzτ)
(
〈Ψ†z+1,τ¯ ,σ(t)Ψz,τ,σ(t)〉
−〈Ψ†z,τ,σ(t)Ψz+1,τ¯ ,σ(t)〉
)
.
(28)
Now, Fourier transforming the field operators, we have,
〈Ψ†z,i(t)Ψz+1,j(t)〉 =
∫
ω,ω′
〈Ψ†z,i(ω)Ψz+1,j(ω′)〉ei(ω−ω
′)t,
(29)
with
〈Ψ†z,i(ω)Ψz+1,j(ω′)〉
=
∑
P,P ′
GWz+1,I;jm(ω)ζPml(ω)GW†Iz;li(ω)δ(ω − ω′).
Here ζPml(ω) = (VPI ρP (ω)V
P†
I )ml where {I, P} is either{1, L} or {N,SC} denoting either the normal or the su-
perconducting lead respectively.
Putting everything back in, we can finally evaluate the
current
Jz(t) = eIm
∫
dωTr
[
AGW z,I(ω)σP(ω)GW†z+1,I(ω)
]
,
(30)
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FIG. 6. (a) Variation of the current as a function of the barrier
height for an inversion symmetry broken WSM. The length
of the Weyl semimetal is kept fixed at 100 sites. The values
of the other parameters are th = 1, µL = 0.5∆ and µR = 0.
Here, k0 = pi/2 − sin−1(m/th) is kept fixed. (b) The same
as a function of the separation of Weyl nodes (m is varied
to change the separation of the Weyl nodes) in the Brillouin
zone for fixed barrier height. The dotted lines indicate the
periodicity expected from the ideas of the main text.
where A31 = A42 = −t˜ + λz and A13 = A24 = −t˜ − λz
and Aij = 0 otherwise. For the superconducting part,
we obtained the Greens function by recursively solving
for the surface of an s-wave superconductor. Also, we
imposed the flatband approximation for the normal lead.
Hence, ΣL(ω) = VLGL(ω)VL† = −ipiVLVL† = −ipiρL.
For this calculation, we have used tSC = tL = 0.25. The
values of the other parameters are given in the main text.
9D. Inversion symmetry broken WSM
The Hamiltonian used to describe an inversion sym-
metry broken WSM is
HW =
∑
r
(
Ψ†r(thη
zIτσ
y)Ψr+x + Ψ
†
r(thη
zIτσ
y)Ψr+y
+ Ψ†r(thη
zIτσ
y)Ψr+z + (m+ 2)Ψ
†
rη
zτyσyΨr
)
− 1
2
∑
〈rr′〉
Ψ†rη
zτyσyΨr′ , (31)
where th is the hopping element inside the WSM and m
is the mass parameter. (For simplicity, we have combined
spin-orbit couplings and hoppings and used th to denote
it). This model describes a normal insulator whenm > th
and a Dirac semi-metal when m = th with two nodes at
ky = ±pi/2. When m < th, each of the nodes split into
two Weyl nodes forming a Weyl semi-metal with 4 nodes.
The 4 Weyl nodes are located at ±k+ = ± sin−1(m/th)
and ±k− = ±(pi− sin−1(m/th)). Here, k± are defined in
congruence with the main text. Note that for this model,
k+ + k− = pi is fixed. The relevant inter-nodal distance
is k+−k− = k0. We keep the x and z directions periodic
and the y direction finite. Repeating the calculations for
this setup, we end up with the same expression for the
current (i.e, Eq.30) with A redefined such that A21 =
A43 = th and A12 = A34 = −th and Aij = 0 otherwise.
The results are summarized in Fig. 6, and clearly, the
two basic periodicities of the current as emphasized in
the main text are seen here as well.
